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(57) An object of the present invention is to record 
and reproduce information through the use of hologra- 
phy, and achieve compact configuration of an optical 
system with no reduction in the amount of information. 
For recording, a spatial light modulator (25) generates 
information light and a phase spatial light modulator (1 7) 
generates recording-specific reference light having a 
spatially modulated phase. The information light and the 
recording-specific reference light are projected onto one 
side of an information recording layer (3) of an optical 
information recording medium (1 ) coaxially so as to con- 
verge on a reflecting surface. At the time of recording of 
information, P-polarized recording-specific reference 
light and S-polarized information light are each optically 
rotated by a two-way split optical rotation plate (21) in 
directions different between respective half areas of the 
cross section of the beam thereof. An interference pat- 
tern resulting from interference between the information 
light yet to impinge on the reflecting surface and the re- 
cording-specific reference light reflected by the reflect- 
ing surface and an interference pattern resulting from 
interference between the recording-specific reference 
light yet to impinge on the reflecting surface and the in- 
formation light reflected by the reflecting surface are re- 
corded in the information recording layer (3). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an optical in- 
formation recording apparatus and method for recording 
information on an optical information recording medium 
through the use of holography, an optical information re- 
producing apparatus and method for reproducing infor- 
mation from an optical information recording medium 
through the use of holography, and an optical informa- 
tion recording/reproducing apparatus and method for 
recording information on an optical information record- 
ing medium and reproducing the information from the 
optical information recording medium through the use 
of holography. 

BACKGROUND ART 

[0002] In general, holographic recording for recording 
information in a recording medium through the use of 
holography is performed by superimposing light that 
carries image information on reference light within the 
recording medium and by writing a resultingly generated 
interference pattern into the recording medium. For re- 
producing the information recorded, the recording me- 
dium is irradiated with reference light such that the im- 
age information is reproduced through diffraction de- 
rived from the interference pattern. 
[0003] In recent years, volume holography, or digital 
volume holography in particular, has been developed 
and is attracting attention in practical fields for ultra-high 
density optical recording. Volume holography is a meth- 
od for writing a three-dimensional interference pattern 
by making positive use of a recording medium in a di- 
rection of its thickness as well, and is characterized in 
that it is possible to enhance the diffraction efficiency by 
increasing the thickness of the medium, and a greater 
recording capacity can be achieved by employing mul- 
tiplex recording. Digital volume holography is a compu- 
ter-oriented holographic recording method which uses 
the same recording medium and recording method as 
with the volume holography, whereas the image infor- 
mation to be recorded is limited to binary digital patterns. 
In the digital volume holography, analog image informa- 
tion such as a picture is once digitized and developed 
into two-dimensional digital pattern information, and 
then it is recorded as image information. For reproduc- 
tion, this digital pattern information is read and decoded 
to restore the original image information for display. 
Consequently, even if the signal-to-noise ratio (herein- 
after referred to as SN ratio) during reproduction is 
somewhat poor, it is possible reproduce the original in- 
formation with extremely high fidelity by performing dif- 
ferential detection and/or error correction on the binary 
data encoded. 

[0004] Conventional optical information recording/re- 
producing methods that use holography have had a 



problem that the reproduced information deteriorates in 
SN ratio if reproduction-specific reference light is also 
incident on a photodetector for detecting reproduction 
light. For that reason, in the conventional optical infor- 

5 mation recording/reproducing methods, information 
light and recording-specific reference light are often al- 
lowed to be incident on the recording medium with a pre- 
determined angle therebetween at the time of recording, 
so that reproduction light and reproduction-specific ref- 

10 erence light can be spatially separated from each other 
at the time of reproduction. Consequently, the reproduc- 
tion light, which occurs at the time of reproduction, trav- 
els at a predetermined angle with respect to the repro- 
duction-specific reference light. This allows the repro- 

15 duction light and the reproduction-specific reference 
light to be spatially separated from each other. 
[0005] Nevertheless, when the information light and 
the recording-specific reference light are allowed to be 
incident on the recording medium with a predetermined 

20 angle therebetween at the time of recording so as to 
spatially separate the reproduction light and the repro- 
duction-specific reference light from each other at the 
time of reproduction as described above, there arises a 
problem that the optical system for recording and repro- 

25 duction becomes greater in size. 

[0006] Published Unexamined Japanese Patent Ap- 
plication (KOKAI) Heisei 10-124872 discloses a tech- 
nique of recording an interference pattern obtained be- 
tween information light and reference light in an infor- 

30 mation recording layer in which information is recorded 
through the use of holography, by irradiating the infor- 
mation recording layer with the information light and the 
reference light on the same side thereof such that they 
converge at different positions in the direction of thick- 

35 ness of the information recording layer. 

[0007] This technique, however, has a problem that a 
special optical system is required for allowing the infor- 
mation light and the reference light to converge at dif- 
ferent positions. 

40 [0008] Published Unexamined Japanese Patent Ap- 
plication (KOKAI) Heisei 10-124872 mentioned above 
also discloses a technique in which apart of the cross 
section of the beam to be projected onto the recording 
medium is spatially modulated to form information light 

45 while reference light is formed of the other part of the 
cross section of the beam, and an interference pattern 
obtained therebetween is recorded in the information re- 
cording layer. In this technique, a recording medium is 
used which has a reflecting surface on a side of the in- 

50 formation recording layer opposite to the side to be irra- 
diated with the information light and the reference light, 
so that an interference pattern obtained between the in- 
formation light yet to impinge on the reflecting surface 
and the reference light reflected by the reflecting surface 

55 and an interference pattern obtained between the refer- 
ence light yet to impinge on the reflecting surface and 
the information light reflected by the reflecting surface 
are recorded in the information recording layer. 
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[0009] This technique, however, has a problem that 
the amount of information recordable is reduced be- 
cause information can be carried by only a part of the 
cross section of the beam projected onto the recording 
medium. 5 

DISCLOSURE OF THE INVENTION 

[0010] It is an object of the invention to provide an op- 
tical information recording apparatus and method, an 10 
optical information reproducing apparatus and method, 
and an optical information recording/reproducing appa- 
ratus and method for recording or reproducing informa- 
tion through the use of holography, which allow a small 
configuration of the optical system for recording or re- 
production without causing a reduction in the amount of 
information, 

[0011] An optical information recording apparatus of 
the invention is an apparatus for recording information 
in an optical information recording medium having an 
information recording layer in which information is re- 
corded through the use of holography and one side of 
which is irradiated with light for recording or reproducing 
information, and a reflecting surface disposed on the 
other side of the information recording layer, the appa- 
ratus comprising: 

information light generation means for generating 
information light that carries information; 
recording-specific reference light generation 
means for generating recording-specific reference 
light; and 

a recording optical system for irradiating the infor- 
mation recording layer with the information light 
generated by the information light generation 
means and the recording-specific reference light 
generated by the recording-specific reference light 
generation means such that the information is re- 
corded in the information recording layer in the form 
of an interference pattern resulting from interfer- 
ence between the information light and the record- 
ing-specific reference light, wherein 
the recording optical system projects the informa- 
tion light and the recording-specific reference light 
coaxially onto the one side of the information re- 
cording layer such that they converge on the reflect- 
ing surface, and 

the recording optical system causes each of the in- 
formation light and the recording-specific reference 
light to have directions of polarization that are dif- 
ferent between respective half areas of a cross sec- 
tion of a beam thereof such that the direction of po- 
larization of the information light yet to impinge on 
the reflecting surface coincides with that of the re- 
cording-specific reference light reflected by the re- 
flecting surface, and the direction of polarization of 
the recording-specific reference light yet to impinge 
on the reflecting surface coincides with that of the 



information light reflected by the reflecting surface. 

[0012] An optical information recording method is a 
method for recording information in an optical informa- 
tion recording medium having an information recording 
layer in which information is recorded through the use 
of holography and one side of which is irradiated with 
light for recording or reproducing information, and a re- 
flecting surface disposed on the other side of the infor- 
mation recording layer, the method comprising: 

the step of generating information light that carries 
information; 

the step of generating recording-specific reference 
light; and 

the recording step in which the information record- 
ing layer is irradiated with the information light and 
the recording-specific reference light such that the 
information is recorded in the information recording 
layer in the form of an interference pattern resulting 
from interference between the information light and 
the recording-specific reference light, wherein 
in the recording step, the information light and the 
recording-specific reference light are projected co- 
axially onto the one side of the information record- 
ing layer such that they converge on the reflecting 
surface, and 

in the recording step, each of the information light 
and the recording-specific reference light is made 
to have directions of polarization that are different 
between respective half areas of a cross section of 
a beam thereof such that the direction of polariza- 
tion of the information light yet to impinge on the 
reflecting surface coincides with that of the record- 
ing-specific reference light reflected by the reflect- 
ing surface, and the direction of polarization of the 
recording-specific reference light yet to impinge on 
the reflecting surface coincides with that of the in- 
formation light reflected by the reflecting surface. 

[0013] According to the optical information recording 
apparatus or the optical information recording method 
of the invention, the information light and the recording- 
specific reference light are projected coaxially onto the 
one side of the information recording layer such that 
they converge on the reflecting surface. In the optical 
information recording layer, the direction of polarization 
of the information light yet to impinge on the reflecting 
surface coincides with that of the recording-specific ref- 
erence light reflected by the reflecting surface, so that 
an interference pattern resulting from interference ther- 
ebetween is recorded. On the other hand, the direction 
of polarization of the recording-specific reference light 
yet to impinge on the reflecting surface coincides with 
that of the information light reflected by the reflecting 
surface, so that an interference pattern resulting from 
interference therebetween is recorded. 
[0014] In the optical information recording apparatus 
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of the invention, the recording optical system may have 
optical rotation means for optically rotating light passing 
therethrough in directions different between the respec- 
tive areas, and may optically rotate, with the optical ro- 
tation means, each of the recording-specific reference 5 
light having a predetermined first direction of polariza- 
tion and the information light having a second direction 
of polarization different from the first direction of polari- 
zation to make the directions of polarization different be- 
tween the respective areas. w 
[0015] In the optical information recording apparatus 
of the invention, the recording-specific reference light 
generation means may generate recording-specific ref- 
erence light having a spatially modulated phase. In this 
case, the recording-specific reference light may have 15 
such a modulation pattern that a pattern which is point- 
symmetric to the modulation pattern about the position 
of an optical axis of the optical system for irradiating the 
information recording layer with the recording-specific 
reference light is not the same as the modulation pat- 20 
tern. 

[0016] In the optical information recording method of 
the invention, in the recording step, each of the record- 
ing-specific reference light having a predetermined first 
direction of polarization and the information light having 25 
a second direction of polarization different from the first 
direction of polarization may be optically rotated in di- 
rections different between the respective areas to make 
the directions of polarization different between the re- 
spective areas. so 
[0017] In the optical information recording method of 
the invention, the step of generating recording-specific 
reference light may generate recording-specific refer- 
ence light having a spatially modulated phase. In this 
case, the recording-specific reference light may have 35 
such a modulation pattern that a pattern which is point- 
symmetric to the modulation pattern about the position 
of an optical axis of the optical system for irradiating the 
information recording layer with the recording-specific 
reference light is not the same as the modulation pat- *o 
tern. 

[0018] An optical information reproducing apparatus 
of the invention is an apparatus for reproducing infor- 
mation through the use of holography from an optical 
information recording medium having an information re- 45 
cording layer in which information is recorded through 
the use of holography and one side of which is irradiated 
with light for recording or reproducing information, and 
a reflecting surface disposed on the other side of the 
information recording layer, the information being re- 50 
corded in the information recording layer based on in- 
formation light and recording-specific reference light 
that are projected coaxially onto the one side of the in- 
formation recording layer such that they converge on the 
reflecting surface, in the form of an interference pattern 55 
resulting from interference between the information light 
yet to impinge on the reflecting surface and the record- 
ing-specific reference light reflected by the reflecting 



surface and an interference pattern resulting from inter- 
ference between the recording-specific reference light 
yet to impinge on the reflecting surface and the informa- 
tion light reflected by the reflecting surface, the appara- 
tus comprising: 

reproduction-specific reference light generation 
means for generating reproduction-specific refer- 
ence light; 

a reproducing optical system for irradiating the in- 
formation recording layer with the reproduction- 
specific reference light generated by the reproduc- 
tion-specific reference light generation means and 
for collecting reproduction light generated at the in- 
formation recording layer when irradiated with the 
reproduction-specific reference light; and 
detection means for detecting the reproduction light 
collected by the reproducing optical system, where- 
in 

the reproducing optical system projects the repro- 
duction-specific reference light onto the information 
recording layer to allow it to converge on the reflect- 
ing surface, such that the irradiation with the repro- 
duction-specific reference light and the collection of 
the reproduction light are performed on the one 
side, and that the reproduction-specific reference 
light and the reproduction light are arranged coaxi- 
ally, and 

the recording optical system has optical rotation 
means for optically rotating light passing there- 
through in directions different between respective 
half areas of a cross section of the beam of the light, 
and optically rotates, with the optical rotation 
means, the reproduction-specific reference light 
having a predetermined first direction of polariza- 
tion to convert the same into reproduction-specific 
reference light having directions of polarization dif- 
ferent between the respective areas to irradiate the 
information recording layer therewith, and optically 
rotates, with the optical rotation means, the repro- 
duction light and return light resulting from the re- 
production-specific reference light reflected by the 
reflecting surface to convert them into reproduction 
light having the first direction of polarization over an 
entire cross section of a beam thereof and return 
light having a second direction of polarization differ- 
ent from the first direction of polarization over an 
entire cross section of a beam thereof. 

[0019] An optical information reproducing method of 
the invention is a method for reproducing information 
through the use of holography from an optical informa- 
tion recording medium having an information recording 
layer in which information is recorded through the use 
of holography and one side of which is irradiated with 
light for recording or reproducing information, and a re- 
flecting surface disposed on the other side of the infor- 
mation recording layer, the information being recorded 



7 



EP 1 324 322 A1 



8 



In the information recording layer based on information 
light and recording-specific reference light that are pro- 
jected coaxially onto the one side of the information re- 
cording layer such that they converge on the reflecting 
surface, in the form of an interference pattern resulting 5 
from interference between the information light yet to im- 
pinge on the reflecting surface and the recording-spe- 
cific reference light reflected by the reflecting surface 
and an interference pattern resulting from interference 
between the recording-specific reference light yet to im- 10 
pinge on the reflecting surface and the information light 
reflected by the reflecting surface, the method compris- 
ing: 

the step of generating reproduction-specific refer- 15 
ence light; 

the reproducing step in which the information re- 
cording layer is irradiated with the reproduction- 
specific reference light generated by the reproduc- 
tion-specific reference light generation means, and 20 
reproduction light generated at the information re- 
cording layer when irradiated with the reproduction- 
specific reference light is collected; and 
the step of detecting the reproduction light, wherein 
in the reproducing step, the reproduction-specific 25 
reference light is projected onto the information re- 
cording layer so as to converge on the reflecting 
surface such that the irradiation with the reproduc- 
tion-specific reference light and the collection of the 
reproduction light are performed on the one side, 30 
and that the reproduction-specific reference light 
and the reproduction light are arranged coaxially, . 
and 

in the reproducing step, the reproduction-specific 
reference light having a predetermined first direc- 35 
tion of polarization is optically rotated in directions 
different between respective half areas of a cross 
section of a beam thereof, and thereby converted 
into reproduction-specific reference light having di- 
rections of polarization different between the re- *o 
spective areas to irradiate the information recording 
layer therewith, and the reproduction light and re- 
turn light resulting from the reproduction-specific 
reference light reflected by the reflecting surface 
are each optically rotated in directions different be- 45 
tween the respective areas and thereby converted 
into reproduction light having the first direction of 
polarization over an entire cross section of a beam 
thereof and return light having a second direction of 
polarization different from the first direction of po- so 
larization over an entire cross section of a beam 
thereof. 

[0020] In the optical information reproducing appara- 
tus or the optical information reproducing method of the 55 
invention, the reproduction-specific reference light is 
projected onto the information recording layer so as to 
converge on the reflecting surface. The projection of the 



reproduction-specific reference light and the collection 
of the reproduction light are performed on the one side, 
and the reproduction-specific reference light and the re- 
production light are arranged coaxially. The reproduc- 
tion-specific reference light having a predetermined first 
direction of polarization is optically rotated in directions 
different between respective half areas of a cross sec- 
tion of the beam thereof, and thereby converted into re- 
production-specific reference light having directions of 
polarization different between the respective areas to ir- 
radiate the information recording layer therewith, and 
the reproduction light and the return light are each opti- 
cally rotated in directions different between the respec- 
tive areas and thereby converted into reproduction light 
having the first direction of polarization over the entire 
cross section of the beam thereof and return light having 
a second direction of polarization over the entire cross 
section of the beam thereof. 

[0021] In the optical information reproducing appara- 
tus of the invention, the reproducing optical system may 
further have polarization separation means for separat- 
ing the reproduction light having passed through the op- 
tical rotation means and the return light having passed 
through the optical rotation means from each other de- 
pending on a difference in direction of polarization. 
[0022] In the optical information reproducing appara- 
tus of the invention, the reproduction-specific reference 
light generation means may generate reproduction-spe- 
cific reference light having a spatially modulated phase. 
In this case, the reproduction-specific reference light 
may have such a modulation pattern that a pattern which 
is point-symmetric to the modulation pattern about the 
position of an optical axis of the optical system for irra- 
diating the information recording layer with the repro- 
duction-specific reference light is not the same as the 
modulation pattern. 

[0023] In the optical information reproducing method 
of the invention, the reproducing step may separate the 
reproduction light that has been optically rotated and the 
return light that has been optically rotated from each oth- 
er depending on a difference in direction of polarization. 
[0024] In the optical information reproducing method 
of the invention, the step of generating reproduction- 
specific reference light may generate reproduction-spe- 
cific reference light having a spatially modulated phase. 
In this case, the reproduction-specific reference light 
may have such a modulation pattern that a pattern which 
is point-symmetric to the modulation pattern about the 
position of an optical axis of the optical system for irra- 
diating the information recording layer with the repro- 
duction-specific reference light is not the same as the 
modulation pattern. 

[0025] An optical information recording/reproducing 
apparatus of the invention is an apparatus for recording 
information in an optical information recording medium 
having an information recording layer in which informa- 
tion is recorded through the use of holography and one 
side of which is irradiated with light for recording or re- 
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producing information, and a reflecting surface dis- 
posed on the other side of the information recording lay- 
er, and for reproducing information from the optical in- 
formation recording medium, the apparatus comprising: 

5 

information light generation means for generating 
information light that carries information; 
recording-specific reference light generation 
means for generating recording-specific reference 
light; 10 
reproduction-specific reference light generation 
means for generating reproduction-specific refer- 
ence light; 

a recording/reproducing optical system for, to 
record information, irradiating the information re- *5 
cording layer with the information light generated by 
the information light generation means and the re- 
cording-specific reference light generated by the re- 
cording-specific reference light generation means 
such that information is recorded in the information 20 
recording layer in the form of an interference pattern 
resulting from interference between the information 
light and the recording-specific reference light, and, 
to reproduce information, irradiating the information 
recording layer with the reproduction-specific refer- 25 
ence light generated by the reproduction-specific 
reference light generation means and collecting re- 
production light generated at the information re- 
cording layer when irradiated with the reproduction- 
specific reference light; and 30 
detection means for detecting the reproduction light 
collected by the recording/reproducing optical sys- 
tem, wherein 

the recording/reproducing optical system has opti- 
cal rotation means for optically rotating light passing 35 
therethrough in directions different between respec- 
tive half areas of a cross section of a beam of the 
light, 

to record information, the recording/reproducing 
optical system projects the information light and the 40 
recording-specific reference light coaxially onto the 
one side of the information recording layer such that 
they converge on the reflecting surface, 
to record information, the recording/reproducing 
optical system optically rotates, with the optical ro- 45 
tation means, each of the recording-specific refer- 
ence light having a predetermined first direction of 
polarization and the information light having a sec- 
ond direction of polarization different from the first 
direction of polarization to cause each of the infor- so 
mation light and the recording-specific reference 
light to have directions of polarization that are dif- 
ferent between the respective areas such that the 
direction of polarization of the information light yet 
to impinge on the reflecting surface coincides with 55 
that of the recording-specific reference light reflect- 
ed by the reflecting surface, and the direction of po- 
larization of the recording-specific reference light 



10 

yet to impinge on the reflecting surface coincides 
with that of the information light reflected by the re- 
flecting surface, 

to reproduce information, the recording/reproduc- 
ing optical system projects the reproduction-specif- 
ic reference light onto the information recording lay- 
er to allow it to converge on the reflecting surface, 
such that the irradiation with the reproduction-spe- 
cific reference light and the collection of the repro- 
duction light are performed on the one side, and that 
the reproduction-specific reference light and the re- 
production light are arranged coaxially, and 
to reproduce information, the recording/reproduc- 
ing optical system optically rotates, with the optical 
rotation means, the reproduction-specific reference 
light having the first direction of polarization to con- 
vert the same into reproduction-specific reference 
light having directions of polarization different be- 
tween the respective areas to irradiate the informa- 
tion recording layer therewith, and optically rotates, 
with the optical rotation means, the reproduction 
light and return light resulting from the reproduction- 
specific reference light reflected by the reflecting 
surface to convert them into reproduction light hav- 
ing the first direction of polarization over an entire 
cross section of a beam thereof and return light hav- 
ing a second direction of polarization different from 
the first direction of polarization over an entire cross 
section of a beam thereof. 

[0026] An optical information recording/reproducing 
method of the invention is a method for recording infor- 
mation in an optical information recording medium hav- 
ing an information recording layer in which information 
is recorded through the use of holography and one side 
of which is irradiated with light for recording or reproduc- 
ing information, and a reflecting surface disposed on the 
other side of the information recording layer, and for re- 
producing information from the optical information re- 
cording medium, the method comprising: 

the step of generating information light that carries 
information; 

the step of generating recording-specific reference 
light; 

the recording step in which the information record- 
ing layer is irradiated with the information light and 
the recording-specific reference light such that the 
information is recorded in the information recording 
layer in the form of an interference pattern resulting 
from interference between the information light and 
the recording-specific reference light; 
the step of generating reproduction-specific refer- 
ence light; 

the reproducing step in which the information re- 
cording layer is irradiated with the reproduction- 
specific reference light, and reproduction light gen- 
erated at the information recording layer when irra- 
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diated with the reproduction-specific reference light 
is collected; and 

the step of detecting the reproduction light, wherein 
in the recording step, the information light and the 
recording-specific reference light are projected co- 
axially onto the one side of the information record- 
ing layer such that they converge on the reflecting 
surface, 

in the recording step, each of the recording-specific 
reference light having a predetermined first direc- 
tion of polarization and the information light having 
a second direction of polarization different from the 
first direction of polarization is optically rotated in 
directions different between respective half areas 
of a cross section of a beam thereof to cause each 
of the information light and the recording-specific 
reference light to have directions of polarization dif- 
ferent between the respective areas such that the 
direction of polarization of the information light yet 
to impinge on the reflecting surface coincides with 
that of the recording-specific reference light reflect- 
ed by the reflecting surface, and the direction of po- 
larization of the recording-specific reference light 
yet to impinge on the reflecting surface coincides 
with that of the information light reflected by the re- 
flecting surface, 

in the reproducing step, the reproduction-specific 
reference light is projected onto the information re- 
cording layer so as to converge on the reflecting 
surface, such that the irradiation with the reproduc- 
tion-specific reference light and the collection of the 
reproduction light are performed on the one side, 
and that the reproduction-specific reference light 
and the reproduction light are arranged coaxially, 
and 

in the reproducing step, the reproduction-specific 
reference light having a predetermined first direc- 
tion of polarization is optically rotated in directions 
different between respective half areas of a cross 
section of a beam thereof, and thereby converted 
into reproduction-specific reference light having di- 
rections of polarization different between the re- 
spective areas to irradiate the information recording 
layer therewith, and the reproduction light and re- 
turn light resulting from the reproduction-specific 
reference light reflected by the reflecting surface 
are each optically rotated in directions different be- 
tween the respective areas and thereby converted 
into reproduction light having the first direction of 
polarization over an entire cross section of a beam 
thereof and return light having a second direction of 
polarization different from the first direction of po- 
larization over an entire cross section of a beam 
thereof. 

[0027] In the optical information recording/reproduc- 
ing apparatus or the optical information recording/repro- 
ducing method of the invention, to record information, 



the information light and the recording-specific refer- 
ence light are projected coaxially onto one side of the 
information recording layer so as to converge on the re- 
flecting surface. In the optical information recording lay- 

5 er, the direction of polarization of the information light 
yet to impinge on the reflecting surface coincides with 
that of the recording-specific reference light reflected by 
the reflecting surface, so that an interference pattern re- 
sulting from interference therebetween is recorded. On 

10 the other hand, the direction of polarization of the re- 
cording-specific reference light yet to impinge on the re- 
flecting surface coincides with that of the information 
light reflected by the reflecting surface, so that an inter- 
ference pattern resulting from interference therebe- 

15 tween is recorded. To reproduce information, the repro- 
duction-specific reference light is projected onto the in- 
formation recording layer so as to converge on the re- 
flecting surface. The projection of the reproduction-spe- 
cific reference light and the collection of the reproduction 

20 light are performed on the one side, and the reproduc- 
tion-specific reference light and the reproduction light 
are arranged coaxially. The reproduction-specific refer- 
ence light having a predetermined first direction of po- 
larization is optically rotated in directions different be- 

25 tween respective half areas of a cross section of the 
beam thereof, and thereby converted into reproduction- 
specific reference light having directions of polarization 
different between the respective areas to irradiate the 
information recording layer therewith, and the reproduc- 

30 tion light and return light are each optically rotated in 
directions different between the respective areas and 
thereby converted into reproduction light having the first 
direction of polarization over the entire cross section of 
the beam thereof and return light having a second di- 

35 rection of polarization over the entire cross section of 
the beam thereof. 

[0028] In the optical information recording/reproduc- 
ing apparatus of the invention, the recording/reproduc- 
ing optical system may further have polarization sepa- 

40 ration means for separating the reproduction light hav- 
ing passed through the optical rotation means and the 
return light having passed through the optical rotation 
means from each other depending on a difference in di- 
rection of polarization. 

45 [0029] In the optical information recording/reproduc- 
ing apparatus of the invention, the recording-specific 
reference light generation means may generate record- 
ing-specific reference light having a spatially modulated 
phase, and the reproduction-specific reference light 

50 generation means may generate reproduction-specific 
reference light having a spatially modulated phase. In 
this case, the recording-specific reference light and the 
reproduction-specific reference light may each have 
such a modulation pattern that a pattern which is point- 

55 symmetric to the modulation pattern about the position 
of an optical axis of the optical system for irradiating the 
information recording layer with the recording-specific 
reference light and the reproduction-specific reference 
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light is not the same as the modulation pattern. 
[0030] In the optical information recording/reproduc- 
ing method of the invention, the reproducing step may 
separate the reproduction light that has been optically 
rotated and the return light that has been optically rotat- 5 
ed from each other depending on a difference in direc- 
tion of polarization. 

[0031] In the optical information recording/reproduc- 
ing method of the invention, the step of generating re- 
cording-specific reference light may generate record- 
ing-specific reference light having a spatially modulated 
phase, and the step of generating reproduction-specific 
reference light may generate reproduction-specific ref- 
erence light having a spatially modulated phase. In this 
case, the recording-specific reference light and the re- 
production-specific reference light may each have such 
a modulation pattern that a pattern which is point-sym- 
metric to the modulation pattern about the position of an 
optical axis of the optical system for irradiating the infor- 
mation recording layer with the recording-specific refer- 
ence light and the reproduction-specific reference light 
is not the same as the modulation pattern. 
[0032] Other objects, features and advantages of the 
invention will become sufficiently clear from the follow- 
ing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

FIG. 1 is an explanatory diagram illustrating a con- 
figuration of a pick-up of an optical information re- 
cording/reproducing apparatus according to an em- 
bodiment of the invention. 
FIG. 2 is a block diagram illustrating a general con- 
figuration of the optical information recording/repro- 
ducing apparatus according to the embodiment of 
the invention. 

FIG. 3 is an explanatory diagram for explaining po- 
larized light used in the embodiment of the inven- 
tion. 

FIG. 4 is an explanatory diagram illustrating a state 
of the pick-up during a servo operation in the em- 
bodiment of the invention. 
FIG. 5 is an explanatory diagram illustrating a state 
of the pick-up during a recording operation in the 
embodiment of the invention. 
FIG. 6 is an explanatory diagram illustrating a state 
of light in the vicinity of the optical information re- 
cording medium during the recording operation in 
the embodiment of the invention. 
FIG. 7 is an explanatory diagram illustrating an ex- 
ample of a pattern of information light in the embod- 
iment of the invention. 

FIG. 8 is an explanatory diagram illustrating an ex- 
ample of a modulation pattern of recording-specific 
reference light in the embodiment of the invention. 
FIG. 9 is an explanatory diagram illustrating a pat- 



tern which is point-symmetric to the modulation pat- 
tern shown in FIG. 8. 

FIG. 10 is an explanatory diagram for explaining the 
principle of recording in the embodiment of the in- 
vention. 

FIG. 11 is an explanatory diagram illustrating a state 

of the pick-up during a reproducing operation in the 

embodiment of the invention. 

FIG. 12 is an explanatory diagram for explaining the 

principle of reproduction in the embodiment of the 

invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] Hereinafter, an embodiment of the invention 
will be described in detail with reference to the drawings. 
[0035] First, with reference to FIG. 1 and FIG. 2, de- 
scription will be given of a configuration of an optical in- 
formation recording/reproducing apparatus acting as an 
optical information recording apparatus and an optical 
information reproducing apparatus according to the em- 
bodiment of the invention. FIG. 1 is an explanatory dia- 
gram illustrating a configuration of a pick-up of the opti- 
cal information recording/reproducing apparatus ac- 
cording to the present embodiment. FIG. 2 is a block 
diagram illustrating a general configuration of the optical 
information recording/reproducing apparatus according 
to the embodiment. 

[0036] First, with reference to FIG. 1 , description will 
be given of a configuration of an optical information re- 
cording medium used in the present embodiment. The 
optical information recording medium 1 of the embodi- 
ment comprises a disk-like transparent substrate 2 
made of polycarbonate or the like, and an information 
recording layer 3, a transparent substrate 4, and a re- 
flecting layer 5 that are arranged in this order from the 
transparent substrate 2, on a side of the transparent 
substrate 2 opposite from the light incident/emergent 
side. The transparent substrate 4 may be replaced with 
an air gap layer. The information recording layer 3 is a 
layer in which information is recorded through the use 
of holography, and is made of a hologram material which 
varies, when irradiated with light, in its optical charac- 
teristics such as refractive index, permittivity, and re- 
flectance, depending on the intensity of the light. For ex- 
ample, hologram materials such as photopolymer HRF- 
600 (product name) manufactured by Dupont and pho- 
topolymer ULSH-500 (product name) manufactured by 
Aprils may be used. The reflecting layer 5 is made of 
aluminum, for example. Incidentally, in the optical infor- 
mation recording medium 1, the information recording 
layer 3 and the reflecting layer 5 may be arranged next 
to each other without the transparent substrate 4. 
[0037] The surface of the reflecting layer 5 facing the 
transparent substrate 4 serves as a reflecting surface 
for reflecting light for recording or reproducing informa- 
tion. Although not shown, a plurality of address servo 
areas serving as positioning areas and extending line- 



to 



15 



20 



25 



30 



35 



40 



45 



50 



55 



15 



EP 1 324 322 A1 



16 



arly in radial directions are provided at predetermined 
angular intervals on the reflecting surface. Sections in 
the form of sectors between adjacent ones of the ad- 
dress servo areas serve as data areas. In the address 
servo areas, information for performing focus servo and 
tracking servo under a sampled servo system and ad- 
dress information are recorded in advance in the form 
of emboss pits or the like. The focus servo can be per- 
formed by using the reflecting surface of the reflecting 
layer 5. For example, wobble pits may be used as the 
information for performing tracking servo. 
[0038] Next, the configuration of the optical informa- 
tion recording/reproducing apparatus according to the 
embodiment will be described with reference to FIG. 2. 
The optical information recording/reproducing appara- 
tus 10 has: a spindle 81 on which the optical information 
recording medium 1 is mounted; a spindle motor 82 for 
rotating the spindle 81 ; and a spindle servo circuit 83 for 
controlling the spindle motor 82 to keep the rotation 
speed of the optical information recording medium 1 at 
a predetermined value. The optical information record- 
ing/reproducing apparatus 10 further has: a pick-up 11 
for irradiating the optical information recording medium 
1 with information light and recording-specific reference 
light to record information therein, and irradiating the op- 
tical information recording medium 1 with reproduction- 
specific reference light to detect reproduction light to 
thereby reproduce information recorded in the optical in- 
formation recording medium 1; and a driving device 84 
for allowing the pick-up 11 to move in a direction of the 
radius of the optical information recording medium 1. 
[0039] The optical information recording/reproducing 
apparatus 10 further has: a detection circuit 85 for de- 
tecting a focus error signal FE, a tracking error signal 
TE and a reproduction signal RF from a signal outputted 
from the pick-up 11 ; and a focus servo circuit 86 for per- 
forming focus servo by driving an actuator in the pick- 
up 11 based on the focus error signal FE detected by 
the detection circuit 85 to move an objective lens in a 
direction of the thickness of the optical information re- 
cording medium 1 . The optical information recording/re- 
producing apparatus 10 further has: a tracking servo cir- 
cuit 87 for performing tracking servo by driving the ac- 
tuator in the pick-up 1 1 based on the tracking error signal 
TE detected by the detection circuit 85 to move the ob- 
jective lens in a direction of the radius of the optical in- 
formation recording medium 1; and a slide servo circuit 
88 for performing slide servo by controlling the driving 
device 84 based on the tracking error signal TE and a 
command from a controller to be described later to move 
the pick-up 11 in a direction of the radius of the optical 
information recording medium 1. 
[0040] The optical information recording/reproducing 
apparatus 10 further has: a signal processing circuit 89 
for reproducing data recorded in the data areas 7 of the 
optical information recording medium 1 by decoding da- 
ta outputted by a CCD array to be described later in the 
pick-up 11 and for reproducing a basic clock and deter* 



mining addresses from the reproduction signal RF from 
the detection circuit 85; a controller 90 for controlling the 
optical information recording/reproducing apparatus 10 
as a whole; and an operating portion 91 for supplying 

5 various instructions to the controller 90. The controller 
90 receives input of the basic clock and address infor- 
mation outputted by the signal processing circuit 89 and 
controls the pick-up 11, the spindle servo circuit 83, the 
slide servo circuit 88 and the like. The basic clock out- 

10 putted by the signal processing circuit 89 is inputted to 
the spindle servo circuit 83. The controller 90 has a CPU 
(central processing unit), a ROM (read only memory) 
and a RAM (random access memory), and the CPU ex- 
ecutes programs stored in the ROM using the RAM as 

15 a work area to perform the functions of the controller 90. 
[0041] A configuration of the pick-up 11 of the embod- 
iment will now be described with reference to FIG. 1. 
The pick-up 111 includes a light source device 12 that 
emits coherent linearly polarized laser light, and a colli- 

20 mator lens 13, a rotation-causing optical element 15, a 
polarization beam splitter 16, a phase spatial light mod- 
ulator 17, a beam splitter 18, and a photodetector 19 
that are arranged in this order from the light source de- 
vice 12 in a traveling direction of the light emitted from 

25 the light source device 12. 

[0042] The light source device 12 emits S-polarized 
or P-polarized linear light. The collimator lens 13 colli- 
mates the light emitted by the light source device 12 to 
emit parallel beams thereof. The rotation-causing opti- 

30 cal element 15 optically rotates the light emitted by the 
collimator lens 13 to emit light including S-polarized 
components and P-polarized components. S-polarized 
light refers to linear polarized light whose direction of 
polarization is perpendicular to the incidence plane 

35 (plane of the drawing sheet of FIG. 1 ). P-polarized light 
refers to linear polarized light whose direction of polar- 
ization is parallel to the incidence plane. For example, 
a half-wave plate or an optical rotation plate is used as 
the rotation-causing optical element 15. 

40 [0043] The polarization beam splitter 16 has a polar- 
ization beam splitter surface 16a that reflects the S-po- 
larized components of the light emergent from the rota- 
tion-causing optical element 15 and transmits the P-po- 
larized components thereof. The phase spatial light 

45 modulator 17 has a number of pixels arranged in a ma- 
trix, and is capable of spatially modulating the phase of 
light by selecting the phase of emergent light pixel by 
pixel. A liquid crystal element may be used as the phase 
spatial light modulator 17. 

50 [0044] The beam splitter 18 has a beam splitter sur- 
face 18a. For example, the beam splitter surface 18a 
transmits 20% of the P-polarized components and re- 
flects 80% of the same. The photodetector 19 is used 
to monitor the quantity of reference light for performing 

55 automatic power control (hereinafter referred to as APC) 
over the reference light. A light-receiving portion of the 
photodetector 19 may be divided into a plurality of areas 
to allow adjustment of the intensity distribution of the ref- 
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erence light. 

[0045] The pick-up 1 1 further has a polarization beam 
splitter 20, a two-way split optical rotation plate (two-way 
split gyrator) 21 and a objective lens 23 that are ar- 
ranged in this order from the beam splitter 18 in a direc- 
tion in which the light from the light source device 12 
travels after being reflected by the beam splitter surface 
18a of the beam splitter 18. 

[0046] The polarization beam splitter 20 has a polar- 
ization beam splitter surface 20a for reflecting S-polar- 
ized components of light incident thereon and for trans- 
mitting P-polarized components thereof. The polariza- 
tion beam splitter 20 corresponds to the polarization 
separation means of the invention. 
[0047] The two-way split optical rotation plate 21 has 
optical rotation plates 21 L and 21 R disposed on the left 
side and the right side, respectively, of the optical axis 
as viewed in FIG. 1 . The optical rotation plate 21 R caus- 
es a -45° rotation of the direction of polarization, while 
the optical rotation plate 21 L causes a +45° rotation of 
the direction of polarization. The two-way split optical 
rotation plate 21 corresponds to the optical rotation 
means of the invention. 

[0048] The objective lens 23 faces toward the trans- 
parent substrate 2 of the optical information recording 
medium 1 when the optical information recording medi- 
um 1 is secured to the spindle 81 . The pick-up 1 1 further 
has an actuator (not shown) that is capable of moving 
the objective lens 23 in a direction of the thickness of 
the optical information recording medium 1 and in a di- 
rection of the tracks. 

[0049] The pick-up 11 further has a spatial light mod- 
ulator 25, a beam splitter 27, and a photodetector 28 
that are arranged in this order from the polarization 
beam splitter 1 6 in a direction in which the light from the 
light source device 12 travels after being reflected by 
the polarization beam splitter surface 16a of the polari- 
zation beam splitter 16. 

[0050] The spatial light modulator 25 has a number of 
pixels arranged in a matrix, and is capable of generating 
information light that carries information by spatially 
modulating light in terms of intensity by selecting a light- 
transmitting state or a light-blocking state for each of the 
pixels. A liquid crystal element may be used as the spa- 
tial light modulator 25. 

[0051] The beam splitter 27 has a beam splitter sur- 
face 27a. For example, the beam splitter surface 27a 
transmits 20% of S-polarized components and reflects 
80% of the same. The photodetector 28 is used to mon- 
itor the quantity of the information light to thereby per- 
form APC on the information light. The light-receiving 
portion of the photodetector 28 may be divided into a 
plurality of areas to allow adjustment of the intensity dis- 
tribution of the information light. Light that is incident on 
the beam splitter 27 from the side of the spatial light 
modulator 25 and reflected by the beam splitter surface 
27a is to be incident on the polarization beam splitter 20. 
[0052] The pick-up 11 further has a convex lens 29, a 



cylindrical lens 30, and a four-way split photodetector 
31 that are arranged in this order from the beam splitter 
27, on a side of the beam splitter 27 opposite to the po- 
larization beam splitter 20. The four-way split photode- 

5 tector 31 has four light-receiving portions divided by a 
division line that is parallel to a direction corresponding 
to the direction of tracks of the optical information re- 
cording medium 1 and a division line that is orthogonal 
thereto. The cylindrical lens 30 is provided such that the 

10 central axis of the cylindrical surface thereof is at an an- 
gle of 45° to the division lines of the four-way split pho- 
todetector 31. 

[0053] The pick-up 11 further has an imaging lens 32 
and a CCD array 33 that are arranged in this order from 
15 the beam splitter 18, on a side of the beam splitter 18 
opposite to the polarization beam splitter 20. The CCD 
array 33 corresponds to the detection means of the in- 
vention. 

[0054] The pick-up 11 further has an APC circuit 46 
20 connected to the photodetector 19, and an APC circuit 

47 connected to the photodetector 28. The APC circuit 
46 amplifies the output of the photodetector 19 to gen- 
erate a signal APC ref used for APC to be performed on 
the reference light. The APC circuit 47 amplifies the out- 

25 put of the photodetector 28 to generate a signal APC ob j 
used for APC to be performed on the information light. 
[0055] In order to adjust a ratio between the S-polar- 
ized components and P-polarized components of the 
light emergent from the rotation-causing optical element 

30 15, the pick-up 11 further has a motor 42, a gear 43 for 
transmitting the rotation of an output axis of the motor 
42 to the rotation-causing optical element 1 5, and a driv- 
ing circuit 48 for driving the motor 42. The driving circuit 

48 compares the respective signals APC ref and APC ob j 
35 of APC circuits 46 and 47 with each other, and drives 

the motor 42 so that the ratio between the S-polarized 
components and P-polarized components of the light 
emergent from the rotation-causing optical element 15 
is optimized. 

40 [0056] The light source device 12, the phase spatial 
light modulator 17 and the spatial light modulator 25 in 
the pick-up 11 are controlled by the controller 90 shown 
in FIG. 2. The controller 90 holds information on a plu- 
rality of modulation patterns for spatially modulating the 

45 phase of light with the phase spatial light modulator 1 7. 
The operating portion 91 allows selection of any one of 
the plurality of modulation patterns. Then, the controller 
90 supplies the information on the modulation pattern 
selected by itself or by the operating portion 91 to the 

50 phase spatial light modulator 17 in accordance with pre- 
determined conditions. In accordance with the informa- 
tion on the modulation pattern supplied by the controller 
90, the phase spatial light modulator 17 spatially mod- 
ulates the phase of light in the corresponding modula- 

55 tion pattern. 

[0057] Now, with reference to FIG. 3, definitions will 
be given to terms "A-polarized light" and "B-polarized 
light" which will be used later in this description. As 
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shown in FIG. 3, A-polarized light is linear polarized light 
obtained by rotating the direction of polarization of the 
S-polarized light by -45° or by rotating the direction of 
polarization of the P-polarized light by +45°, while B-po- 
larized light is linear polarized light obtained by rotating 5 
the direction of polarization of the S-polarized light by 
+45° or by rotating the direction of polarization of the P- 
polarized light by -45°. The directions of polarization of 
the A-polarized light and B-polarized light are orthogo- 
nal to each other. 

[0058] Servo, recording, and reproducing operations 
of the optical information recording/reproducing appa- 
ratus according to the embodiment will now be sepa- 
rately described in that order. The following description 
also serves to describe the optical information recording 
method, the optical information reproducing method, 
and the optical information recording/reproducing meth- 
od according to the embodiment. 
[0059] The servo operation will now be described with 
reference to FIG. 4. FIG. 4 is an explanatory diagram 
illustrating a state of the pick-up 11 during the servo op- 
eration. During the servo operation, all the pixels of the 
spatial light modulator 25 are brought into a blocking 
state. The phase spatial light modulator 17 is set such 
that light passing through each of the pixels thereof has 
the same phase as each other. The output of light emit- 
ted by the light source device 12 is set to a low level 
suitable for reproduction. The controller 90 predicts the 
timing at which light emergent from the objective lens 
23 passes through the address servo areas based on a 
basic clock reproduced from a reproduction signal RF, 
and maintains the foregoing setting while the light emer- 
gent from the objective lens 23 passes through the ad- 
dress servo areas. 

[0060] The light emitted by the light source device 12 
is collimated by the collimator lens 13 and passes 
through the rotation-causing optical element 1 5 to be in- 
cident on the polarization beam splitter 16. S-polarized 
components of the light incident on the polarization 
beam splitter 16 are reflected by the polarization beam 
splitter surface 16a and are blocked by the spatial light 
modulator 25. P-polarized components of the light inci- 
dent on the polarization beam splitter 16 are transmitted 
by the polarization beam splitter surface 16a and pass 
through the phase spatial light modulator 17 to be inci- 
dent on the beam splitter 18. Part of the light incident on 
the beam splitter 1 8 is reflected by the beam splitter sur- 
face 18a and passes through the polarization beam 
splitter 20 to be incident on the two-way split optical ro- 
tation plate 21 . Here, light that has passed through the 
optical rotation plate 21 R of the two-way split optical ro- 
tation plate 21 becomes B-polarized light, while light that 
has passed through the optical rotation plate 21 L be- 
comes A-polarized light. The light having passed 
through the two-way split optical rotation plate 21 is col- 
lected by the objective lens 23, is projected onto the op- 
tical information recording medium 1, and converges to 
a minimum diameter on the reflecting surface of the op- 



tical information recording medium 1 . This light is reflect- 
ed by the reflecting surface, at which time it is modulated 
by pits formed on the reflecting surface and returns to 
the objective lens 23. 

[0061] The return light from the optical information re- 
cording medium 1 is collimated by the objective lens 23 
and passes through the two-way split optical rotation 
plate 21 to become S-polarized light. That is, the light 
passing through the optical rotation plate 21 R before im- 
pinging on the information recording medium 1 is B-po- 
larized light, and this light passes through the optical ro- 
tation plate 21 L after being reflected by the reflecting 
surface of the optical information recording medium 1 to 
become S-polarized light. On the other hand, the light 
passing through the optical rotation plate 21 L before im- 
pinging on the information recording medium 1 is A-po- 
larized light, and this light passes through the optical ro- 
tation plate 21 R after being reflected by the reflecting 
surface of the optical information recording medium 1 to 
become S-polarized light. Thus, the return light is re- 
flected by the polarization beam splitter surface 20a of 
the polarization beam splitter 20. This return light im- 
pinges on the beam splitter 27, and part of the light is 
transmitted by the beam splitter surface 27a and passes 
through the convex lens 29 and the cylindrical lens 30 
sequentially to be detected by the four-way split photo- 
detector 31. Based on the output of the four-way split 
photodetector 31, the detection circuit 85 generates a 
focus error signal FE, a tracking error signal TE, and a 
reproduction signal RF. Based on these signals, focus 
servo and tracking servo are performed, along with re- 
production of the basic clock and determination of ad- 
dresses. 

[0062] Part of the light incident on the beam splitter 
18 impinges on the photodetector 19. Based on signals 
outputted by the photodetector 19, the APC circuit 46 
generates a signal APC ref . Then, APC is performed 
based on the signal APC ref such that the optical infor- 
mation recording medium 1 is irradiated with a constant 
quantity of light. Specifically, the driving circuit 48 drives 
the motor 42 to adjust the rotation-causing optical ele- 
ment 15 such that the signal APC ref equals a predeter- 
mined value. Alternatively, during the servo operation, 
APC may be performed by setting the rotation-causing 
optical element 15 such that light which has passed 
through the rotation-causing optical element 15 has P- 
polarized components only, and by adjusting the output 
of the light source device 12. When the light-receiving 
portion of the photodetector 19 is divided into a plurality 
of areas and the phase spatial light modulator 17 is ca- 
pable of also adjusting the quantity of light transmitted 
thereby, the light to be projected onto the optical infor- 
mation recording medium 1 may be adjusted to have a 
uniform intensity distribution by adjusting the quantity of 
light transmitted by each pixel of the phase spatial light 
modulator 17 based on a signal outputted by each of the 
light-receiving portions of the photodetector 19. 
[0063] For the above-described setting for the servo 
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operation, the configuration of the pick-up 1 1 is the same 
as that of a pick-up for recording and reproduction on a 
typical optical disk. Therefore, the optical information re- 
cording/reproducing apparatus of the embodiment al- 
lows recording and reproduction using a typical optical 
disk. 

[0064] A recording operation will now be described 
with reference to FIG. 5 through FIG. 10. FIG. 5 is an 
explanatory diagram illustrating a state of the pick-up 11 
during the recording operation. FIG. 6 is an explanatory 
diagram illustrating a state of light in the vicinity of the 
optical information recording medium 1 during the re- 
cording operation. FIG. 7 is an explanatory diagram il- 
lustrating an example of a pattern of the information 
light. FIG. 8 is an explanatory diagram illustrating an ex- 
ample of a modulation pattern of the recording-specific 
reference light. FIG. 9 is an explanatory diagram illus- 
trating a pattern which is point-symmetric to the modu- 
lation pattern shown in FIG. 8. FIG. 10 is an explanatory 
diagram for explaining the principle of recording. 
[0065] During the recording operation, the spatial light 
modulator 25 spatially modulates light passing there- 
through by selecting a transmitting state (hereinafter al- 
so referred to as ON) or a blocking state (hereinafter 
also referred to as OFF) pixel by pixel according to in- 
formation to be recorded, thereby generating informa- 
tion light having such a pattern as is shown in FIG. 7. 
[0066] The phase spatial light modulator 17 spatially 
modulates the phase of light passing therethrough by 
selectively giving the light a phase difference of either 0 
(rad) or n (rad) from a predetermined reference phase 
pixel by pixel according to a predetermined modulation 
pattern, thereby generating recording-specific refer- 
ence light having a spatially modulated phase. 
[0067] The recording-specific reference light has 
such a modulation pattern that a pattern which is point- 
symmetric to the modulation pattern about the position 
of the optical axis of the optical system for irradiating the 
information recording layer 3 with the recording-specific 
reference light and the reproduction-specific reference 
light is not the same as the modulation pattern. FIG. 8 
shows an example of such a modulation pattern. In FIG. 
8, portions having a phase difference of 0 (rad) from the 
predetermined reference phase are shown as bright 
portions, while portions having a phase difference of it 
(rad) from the predetermined reference phase are 
shown as dark portions. FIG. 9 shows a pattern which 
is point-symmetric to the modulation pattern shown in 
FIG. 8. As can be seen, the pattern which is point-sym- 
metric to the modulation pattern shown in FIG. 8 is not 
the same as the original modulation pattern shown in 
FIG. 8. 

[0068] The controller 90 supplies the information on 
the modulation pattern selected by itself or by the oper- 
ating portion 91 to the phase spatial light modulator 17 
in accordance with predetermined conditions. In accord- 
ance with the information on the modulation pattern sup- 
plied by the controller 90, the phase spatial light modu- 



lator 17 spatially modulates the phase of the light pass- 
ing therethrough. 

[0069] The power of light emitted by the light source 
device 12 is set to reach high levels on a pulse basis 

5 suitable for recording. The controller 90 predicts the tim- 
ing at which the light emergent from the objective lens 
23 passes through the data areas based on the basic 
clock reproduced from the reproduction signal RF, and 
maintains the foregoing setting while the light emergent 

10 from the objective lens 23 passes through the data ar- 
eas. While the light emergent from the objective lens 23 
passes through the data areas, neither focus servo nor 
tracking servo is performed and the objective lens 23 is 
fixed. 

15 [0070] The light emitted by the light source device 12 
is collimated by the collimator lens 13 and passes 
through the rotation-causing optical element 1 5 to be in- 
cident on the polarization beam splitter 16. P-polarized 
components of the light incident on the polarization 

20 beam splitter 1 6 are transmitted through the polarization 
beam splitter surface 16a and pass through the phase 
spatial light modulator 17, at which time the light is spa- 
tially modulated in phase to become recording-specific 
reference light. The recording-specific reference light is 

25 incident on the beam splitter 18. Part of the recording- 
specific reference light incident on the beam splitter 18 
is reflected by the beam splitter surface 1 8a and passes 
through the polarization beam splitter 20 to impinge on 
the two-way split optical rotation plate 21. Here, the re- 

30 cording-specific reference light that has passed through 
the optical rotation plate 21 R of the two-way split optical 
rotation plate 21 becomes B-polarized light, while the 
recording-specific reference light that has passed 
through the optical rotation plate 21 L becomes A-polar- 

35 ized light. The recording-specific reference light having 
passed through the two-way split optical rotation plate 
21 is collected by the objective lens 23, is projected onto 
the optical information recording medium 1, and con- 
verges to a minimum diameter on the reflecting surface 

40 of the optical information recording medium 1. 

[0071 ] On the other hand , S-polarized components of 
the light incident on the polarization beam splitter 16 are 
reflected by the polarization beam splitter surface 16a 
and pass through the spatial light modulator 25, at which 

45 time the light is spatially modulated in accordance with 
the information to be recorded, and thereby becomes 
information light. The information light is incident on the 
beam splitter 27. Part of the information light incident on 
the beam splitter 27 is reflected by the beam splitter sur- 

50 face 27a, and reflected by the beam splitter surface 20a 
of the polarization beam splitter 20, to impinge on the 
two-way split optical rotation plate 21. Here, the infor- 
mation light that has passed through the optical rotation 
plate 21 R of the two-way split optical rotation plate 21 

55 becomes A-polarized light, while the information light 
that has passed through the optical rotation plate 21 L 
becomes B-polarized light. The information light having 
passed through the two-way split optical rotation plate 
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21 is collected by the objective lens 23, is projected onto 
the optical information recording medium 1, and con- 
verges to a minimum diameter on the reflecting surface 
of the optical information recording medium 1 . 
[0072] As shown in FIG. 6, according to the present 
embodiment, the information light and the recording- 
specific reference light are projected coaxially onto one 
side of the information recording layer 3 so as to con- 
verge on the reflecting surface. 
[0073] The principle of recording of information ac- 
cording to the present embodiment will now be de- 
scribed with reference to FIG. 10. The information light 
51 R that impinges on the information recording medium 
1 after having passed through the optical rotation plate 
21 R is A-polarized light. The recording-specific refer- 
ence light 52L that impinges on the information record- 
ing medium 1 after having passed through the optical 
rotation plate 21 L is also A-polarized light. The A-polar- 
ized recording-specific reference light 52L is reflected 
by the reflecting surface 5a of the information recording 
medium 1 , and passes through the same area of the 
information recording layer 3 as the A-polarized infor- 
mation light 51 R does. The light 51 L and the light 52R 
interfere with each other to form an interference pattern 
because their directions of polarization coincide with 
each other. On the other hand, the A-polarized informa- 
tion light 51 R is reflected by the reflecting surface 5a of 
the information recording medium 1, and passes 
through the same area of the information recording layer 
3 as the A-polarized recording-specific reference light 
52L does. The light 51 L and the light 52R also interfere 
with each other to form an interference pattern because 
their directions of polarization coincide with each other. 
Thus, the interference pattern resulting from the inter- 
ference between the A-polarized information light 51 R 
yet to impinge on the reflecting surface 5a and the A- 
polarized recording-specific reference light 52L reflect- 
ed by the reflecting surface 5a, and the interference pat- 
tern resulting from the interference between the A-po- 
larized recording-specific reference light 52L yet to im- 
pinge on the reflecting surface 5a and the A-polarized 
information light 51 R reflected by the reflecting surface 
5a, are volumetrically recorded in the information re- 
cording layer 3. 

[0074] Likewise, The information light 51 L that im- 
pinges on the information recording medium 1 after hav- 
ing passed through the optical rotation plate 21 L is B- 
polarized light. The recording-specific reference light 
52R that impinges on the information recording medium 
1 after having passed through the optical rotation plate 
21 R is also B-polarized light. The B-polarized recording- 
specific reference light 52R is reflected by the reflecting 
surface 5a of the information recording medium 1, and 
passes through the same area of the information record- 
ing layer 3 as the B-polarized information light 51 L does. 
The light 51 L and the light 52R interfere with each other 
to form an interference pattern because their directions 
of polarization coincide with each other. On the other 



hand, the B-polarized information light 51 L is reflected 
by the reflecting surface 5a of the information recording 
medium 1, and passes through the same area of the 
information recording layer 3 as the B-polarized record- 

5 ing-specific reference light 52R does. The light 51 L and 
the light 52R also interfere with each other to form an 
interference pattern because their directions of polari- 
zation coincide with each other. Thus, the interference 
pattern resulting from the interference between the B- 

10 polarized information light 51 L yet to impinge on the re- 
flecting surface 5a and the B-polarized recording-spe- 
cific reference light 52R reflected by the reflecting sur- 
face 5a, and the interference pattern resulting from the 
interference between the B-polarized recording-specific 

15 reference light 51 L yet to impinge on the reflecting sur- 
face 5a and the B-polarized information light 52R reflect- 
ed by the reflecting surface 5a, are volumetrically re- 
corded in the information recording layer 3. 
[0075] In FIG. 6, the reference number 50 represents 

20 areas of the information recording layer 3 where the in- 
terference patterns resulting from the interference be- 
tween the information light and the recording-specific 
reference light are recorded in the above-described 
manner. 

25 [0076] The information light 51 R that has passed 
through the optical rotation plate 21 R and the informa- 
tion light 51 L that has passed through the optical rotation 
plate 21 L do not interfere with each other because they 
differ in direction of polarization by 90°. Likewise, the 

30 recording-specific reference light 52R that has passed 
through the optical rotation plate 21 R and the recording- 
specific reference light 52L that has passed through the 
optical rotation plate 21 L do not interfere with each other 
because they differ in direction of polarization by 90°. 

35 [0077] According to the present embodiment, a plu- 
rality of pieces of information can be recorded in an iden- 
tical location of the information recording layer 3 on a 
multiplex basis through phase-encoding multiplexing by 
changing the modulation pattern of the phase of the re- 

40 cording-specific reference light for each piece of the in- 
formation to be recorded. 

[0078] As shown in FIG. 5, part of the recording-spe- 
cific reference light incident on the beam splitter 18 im- 
pinges on the photodetector 19. Based on signals out- 

45 putted by the photodetector 1 9, the APC circuit 46 gen- 
erates the signal APC ref . On the other hand, part of the 
information light incident on the beam splitter 27 imping- 
es on the photodetector 28. Based on signals outputted 
by the photodetector 28, the APC circuit 47 generates 

50 the signal APC ob j. Based on the signals APC ref and AP- 
C ob j, APC is performed so that the ratio between the in- 
tensities of the recording-specific reference light and the 
information light projected onto the optical information 
recording medium 1 is set at an optimum value. Specif- 

55 jcally, the driving circuit 48 compares the signals APC ref 
and APC ob j with each other, and drives the motor 42 to 
adjust the rotation-causing optical element 15 so as to 
obtain a desired ratio. When the light-receiving portion 
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of the photodetector 19 is divided into a plurality of areas 
and the phase spatial light modulator 1 7 is capable of 
also adjusting the quantity of light transmitted thereby, 
the light to be projected onto the optical information re- 
cording medium 1 may be adjusted to have a uniform 
intensity distribution by adjusting the quantity of light 
transmitted by each pixel of the phase spatial light mod- 
ulator 17 based on a signal outputted by each of the 
light-receiving portions of the photodetector 19. Like- 
wise, when the light-receiving portion of the photodetec- 
tor 28 is divided into a plurality of areas and the spatial 
light modulator 25 is capable of also adjusting the quan- 
tity of light transmitted thereby, the information light to 
be projected onto the optical information recording me- 
dium 1 may be adjusted to have a uniform intensity dis- 
tribution by adjusting the quantity of light transmitted by 
each pixel of the spatial light modulator 25 based on a 
signal outputted by each of the light-receiving portions 
of the photodetector 28. 

[0079] In the present embodiment, APC is performed 
based on the sum of the signals APC ref and APC ob j so 
that the total intensity of the recording-specific reference 
light and the information light achieves an optimum val- 
ue. Methods for controlling the total intensity of the re- 
cording-specific reference light and the information light 
include controlling over a peak value of the output of the 
light source device 12 and controlling over an emission 
pulse width and a time-course profile of the intensity of 
emitted light in the case where the light is emitted in the 
form of pulses. 

[0080] Description will now be given of the reproduc- 
ing operation with reference to FIG. 11 and FIG. 12. FIG. 
11 is an explanatory diagram illustrating a state of the 
pick-up 11 during the reproducing operation. FIG. 12 is 
an explanatory diagram for explaining the principle of 
reproduction. 

[0081] During the reproducing operation, all pixels of 
the spatial light modulator 25 are brought into a blocking 
state. The phase spatial light modulator 17 spatially 
modulates the phase of light passing therethrough by 
selectively giving the light a phase difference of either 0 
(rad) or n (rad) from a predetermined reference phase 
pixel by pixel according to a predetermined modulation 
pattern, thereby generating reproduction-specific refer- 
ence light having a spatially modulated phase. Here, the 
reproduction-specific reference light is given a modula- 
tion pattern which is the same as the modulation pattern 
of the recording-specific reference light used for record- 
ing the information to be reproduced, or which is point- 
symmetric to the modulation pattern of the recording- 
specific reference light about the position of the optical 
axis of the optical system fcr irradiating the information 
recording layer 3 with the recording-specific reference 
light and the reproduction-specific reference light. In ei- 
ther case, the reproduction-specific reference light has 
such a modulation pattern that a pattern which is point- 
symmetric to the modulation pattern about the position 
of the optical axis of the optical system for irradiating the 



information recording layer 3 with the recording-specific 
reference light and the reproduction-specific reference 
light is not the same as the modulation pattern. 
[0082] The light emitted by the light source device 12 
5 is collimated by the collimator lens 13 and passes 
through the rotation-causing optical element 1 5 to be in- 
cident on the polarization beam splitter 16. S-polarized 
components of the light incident on the polarization 
beam splitter 16 are reflected by the polarization beam 
10 splitter surface 16a and are blocked by the spatial light 
modulator 25. P-polarized components of the light inci- 
dent on the polarization beam splitter 1 6 are transmitted 
by the polarization beam splitter surface 16a and pass 
through the phase spatial light modulator 17, at which 
15 time the light is spatially modulated in phase to become 
reproduction-specific reference light. The reproduction- 
specific reference light is incident on the beam splitter 
18. Part of the reproduction-specific reference light in- 
cident on the beam splitter 18 is reflected by the beam 
20 splitter surface 1 8a and passes through the polarization 
beam splitter 20 to impinge on the two-way split optical 
rotation plate 21. Here, the reproduction-specific refer- 
ence light that has passed through the optical rotation 
plate 21 R of the two-way split optical rotation plate 21 
25 becomes B-polarized light, while the reproduction-spe- 
cific reference light that has passed through the optical 
rotation plate 21 L becomes A-polarized light. The repro- 
duction-specific reference light having passed through 
the two-way split optical rotation plate 21 is collected by 
30 the objective lens 23, is projected onto the optical infor- 
mation recording medium 1, and converges to a mini- 
mum diameter on the reflecting surface of the optical 
information recording medium 1. 
[0083] The positioning (servo control) of the reproduc- 
es tion-specific reference light with respect to the optical 
information recording medium 1 can be performed in the 
same manner as the positioning of the recording-spe- 
cific reference light and the information light in the re- 
cording operation. 
40 [0084] The principle of reproduction of information in 
the present embodiment will now be described with ref- 
erence to FIG. 12. The reproduction-specific reference 
light 61 R that impinges on the information recording me- 
dium 1 after having passed through the optical rotation 
45 plate 21 R is B-polarized light. On the other hand, the 
reproduction-specific reference light 61 L that impinges 
on the information recording medium 1 after having 
passed through the optical rotation plate 21 L is A-polar- 
ized light. In the information recording layer 3, the re- 
st) production-specific reference light yet to be reflected by 
the reflecting surface 5a generates reproduction light 
which travels away from the reflecting surface 5a, and 
the reproduction-specific reference light reflected by the 
reflecting surface 5a generates reproduction light which 
55 travels toward the reflecting surface 5a. The reproduc- 
tion light traveling away from the reflecting surface 5a is 
emitted as-is from the optical information recording me- 
dium 1. The reproduction light traveling toward the re- 
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fleeting surface 5a is reflected by the reflecting surface 
5a and emitted from the optical information recording 
medium 1. 

[0085] The reproduction light is collimated by the ob- 
jective lens 23 and then impinges on the two-way split 
optical rotation plate 21. Here, the reproduction light 
62R to impinge on the optical rotation plate 21 R of the 
two-way split optical rotation plate 21 is B-polarized light 
before impinging on the optical rotation plate 21 R, and 
becomes P-polarized light after passing through the op- 
tical rotation plate 21 R. On the other hand, the repro- 
duction light 62L to impinge on the optical rotation plate 
21 L of the two-way split optical rotation plate 21 is A- 
polarized light before impinging on the optical rotation 
plate 21 L, and becomes P-polarized light after passing 
through the optical rotation plate 21 L Thus, the repro- 
duction light having passed through the two-way split 
optical rotation plate 21 becomes P-polarized light over 
the entire cross section of the beam thereof. 
[0086] The reproduction light having passed through 
the two-way split optical rotation plate 21 is incident on 
the polarization beam splitter 20 and transmitted by the 
polarization beam splitter surface 20a to be incident on 
the beam splitter 18. Part of the reproduction light inci- 
dent on the beam splitter 18 is transmitted by the beam 
splitter surface 18a and passes through the imaging 
lens 32 to impinge on the CCD array 33. 
[0087] On the CCD array 33 is formed an image of the 
ON/OFF pattern caused by the spatial light modulator 
25 in the recording operation, so that information is re- 
produced by detecting this pattern. When a plurality of 
pieces of information are recorded in the information re- 
cording layer 3 on a multiplex basis by changing modu- 
lation patterns of the recording-specific reference light, 
among the plurality of pieces of information, the one cor- 
responding to the modulation pattern of the reproduc- 
tion-specific reference light is only reproduced. In the 
case where the reproduction-specific reference light has 
the same modulation pattern as that of the recording- 
specific reference light used for recording the informa- 
tion to be reproduced, the reproduction light has a pat- 
tern which is inverted (mirror pattern) from the pattern 
of the information light used in the recording operation. 
In the case where the reproduction-specific reference 
light has a modulation pattern which is point-symmetric 
to the modulation pattern of the recording-specific ref- 
erence light used for recording the information to be re- 
produced, the reproduction light has the same pattern 
as that of the information light used in the recording op- 
eration. In either case, it is possible to reproduce infor- 
mation based on the pattern of the information light. 
[0088] The reproduction-specific reference light 61 R 
incident on the information recording medium 1 after 
having passed through the optical rotation plate 21 R is 
reflected by the reflecting surface 5a and emitted from 
the optical information recording medium 1. The light 
then passes through the optical rotation plate 21 L and 
is converted into S-polarized return light. On the other 



hand, the reproduction-specific reference light 61 L inci- 
dent on the information recording medium 1 after having 
passed through the optical rotation plate 21 L is reflected 
by the reflecting surface 5a and emitted from the optical 

5 information recording medium 1 . The light then passes 
through the optical rotation plate 21 R and is converted 
into S-polarized return light. Thus, the return light having 
passed through the two-way split optical rotation plate 
21 becomes S-polarized light over the entire cross see- 
to tion of the beam thereof. Since the return light impinges 
on the polarization beam splitter 20 to be reflected by 
the polarization beam splitter surface 20a, it does not 
impinge on the CCD array 33. 
[0089] Part of the reproduction-specific reference 

15 light incident on the beam splitter 18 impinges on the 
photodetector 19. Based on signals outputted by the 
photodetector 19, the APC circuit 46 generates a signal 
APC ref . APC is performed based on the signal APC ref 
so that the optical information recording medium 1 is ir- 

20 radiated with a constant quantity of the reproduction- 
specific reference light. Specifically, the driving circuit 
48 drives the motor 42 to adjust the rotation-causing op- 
tical element 15 so that the signal APC ref equals a pre- 
determined value. Alternatively, during the reproducing 

25 operation, APC may be performed by setting the rota- 
tion-causing optical element 1 5 such that light which has 
passed through the rotation-causing optical element 15 
has P-polarized components only, and by adjusting the 
output of the light source device 12. When the light-re- 

30 ceiving portion of the photodetector 19 is divided into a 
plurality of areas and the phase spatial light modulator 
1 7 is capable of also adjusting the quantity of light trans- 
mitted thereby, the light to be projected onto the optical 
information recording medium 1 may be adjusted to 

35 have a uniform intensity distribution by adjusting the 
quantity of light transmitted by each pixel of the phase 
spatial light modulator 17 based on a signal outputted 
by each of the light-receiving portions of the photode- 
tector 19. 

40 [0090] As described in the foregoing, according to the 
present embodiment, to record information, the informa- 
tion light and the recording-specific reference light are 
projected coaxially onto one side of the information re- 
cording layer 3 such that they converge on the reflecting 

45 surface. 

[0091] Furthermore, to record information, each of the 
recording-specific reference light having a first direction 
of polarization (P-polarized) and the information light 
having a second direction of polarization (S-polarized) 

50 that is different from the first direction of polarization (P- 
polarized) is optically rotated by the two-way split optical 
rotation plate 21 serving as the optical rotation means 
in directions different between respective half areas of 
the cross section of the beam thereof. Thus, for each of 

55 the information light and the recording-specific refer- 
ence light, the direction of polarization is set to be dif- 
ferent between the respective half areas of the cross 
section of the beam thereof such that the direction of 
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polarization of the information light yet to impinge on the 
reflecting surface coincides with that of the recording- 
specific reference light reflected by the reflecting sur- 
face, and the direction of polarization of the recording- 
specific reference light yet to impinge on the reflecting 5 
surface coincides with that of the information light re- 
flected by the reflecting surface. As a result, in the infor- 
mation recording layer 3, an interference pattern result- 
ing from interference between the information light yet 
to impinge on the reflecting surface and the recording- 10 
specific reference light reflected by the reflecting sur- 
face is recorded, and also an interference pattern result- 
ing from interference between the recording-specific ref- 
erence light yet to impinge on the reflecting surface and 
the information light reflected by the reflecting surface 15 
is recorded. 

[0092] On the other hand, to reproduce information, 
the reproduction-specific reference light is projected on- 
to the information recording layer 3 so as to converge 
on the reflecting surface. The projection of the reproduc- 20 
tion-specific reference light and the collection of the re- 
production light are performed on one side of the infor- 
mation recording layer 3, and the reproduction-specific 
reference light and the reproduction light are arranged 
coaxially. 25 
[0093] Furthermore, to reproduce information, the re- 
production-specific reference light having the first direc- 
tion of polarization (P-polarized) is optically rotated by 
the two-way split optical rotation plate 21 in directions 
different between respective half areas of the cross sec- 30 
tion of the beam thereof, converted into reproduction- 
specific reference light having different directions of po- 
larization for the respective half areas, and projected on- 
to the information recording layer 3. Reproduction light 
and return light resulting from the reproduction-specific 35 
reference light reflected by the reflecting surface are 
each optically rotated by the two-way split optical rota- 
tion plate 21 in directions different between the respec- 
tive half areas, and converted into reproduction light 
having the first direction of polarization (P-polarized) *o 
over the entire cross section of the beam thereof and 
return light having the second direction of polarization 
(S-polarized) over the entire cross section of the beam 
thereof. It is thereby possible to separate the reproduc- 
tion light and the return light from each other by the po- 45 
larization beam splitter 20 serving as the polarization 
separation means, and consequently, it is possible to 
improve the SN ratio of the reproduced information. 
[0094] According to the embodiment, the information 
light can carry information using the entire cross section 50 
of the beam thereof. Likewise, the reproduction light can 
also carry information using the entire cross section of 
the beam thereof. 

[0095] From the foregoing, the embodiment makes it 
possible to record and reproduce information through 55 
the use of holography and to achieve a compact config- 
uration of the optical system for recording and reproduc- 
tion without causing a reduction in the amount of infor- 



mation. 

[0096] Furthermore, in the embodiment, the record- 
ing-specific reference light and the reproduction-specif- 
ic reference light each have such a modulation pattern 
that a pattern which is point-symmetric to the modulation 
pattern about the position of the optical axis of the optical 
system for irradiating the information recording layer 3 
with the recording-specific reference light and the repro- 
duction-specific reference light is not the same as the 
modulation pattern. Therefore, according to the embod- 
iment, when reproducing information it is possible to 
prevent simultaneous occurrences of a pattern the 
same as the pattern of the information light used for re- 
cording the information and a mirror pattern thereof. 
[0097] The present invention is not limited to the fore- 
going embodiment and may be modified in various 
ways. For example, in the foregoing embodiment, the 
address information and the like are recorded in ad- 
vance in the form of emboss pits on the address servo 
areas of the optical information recording medium 1. 
However, the address information and the like may be 
recorded in the following manner without providing the 
emboss pits in advance. In this case, the optical infor- 
mation recording medium 1 shall be configured such 
that the information recording layer 3 and the reflecting 
layer 5 are next to each other without the transparent 
substrate 4. Then, in the address servo areas of this op- 
tical information recording medium 1 , the information re- 
cording layer 3 is irradiated with laser light of high output 
selectively at a portion closer to the reflecting layer 5. 
The portion is thereby selectively changed in refractive 
index so that address information and the like are re- 
corded to perform formatting. 

[0098] In the embodiment, information is recorded on 
a multiplex basis by phase-encoding multiplexing. How- 
ever, the present invention also covers the cases where 
multiplex recording by phase-encoding multiplexing is 
not conducted. 

[0099] As described in the foregoing, in the optical in- 
formation recording apparatus or the optical information 
recording method of the invention, the information light 
and the recording-specific reference light are projected 
coaxially onto one side of the information recording layer 
so as to converge on the reflecting surface. In the infor- 
mation recording layer, the direction of polarization of 
the information light yet to impinge on the reflecting sur- 
face coincides with that of the recording-specific refer- 
ence light reflected by the reflecting surface, so that an 
interference pattern resulting from the interference ther- 
ebetween is recorded. On the other hand, the direction 
of polarization of the recording-specific reference light 
yet to impinge on the reflecting surface coincides with 
that of the information light reflected by the reflecting 
surface, so that an interference pattern resulting from 
the interference therebetween is recorded. Further- 
more, in the invention, the information light can carry 
information using the entire cross section of the beam 
thereof. The invention therefore makes it possible to 
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record information through the use of holography and to 
achieve compact configuration of the optical system for 
recording without causing a reduction in the amount of 
information. 

[0100] According to the optical information reproduc- 
ing apparatus or the optical information reproducing 
method of the invention, the reproduction-specific refer- 
ence light is projected onto the information recording 
layer so as to converge on the reflecting surface. The 
projection of the reproduction-specific reference light 
and the collection of the reproduction light are per- 
formed on one side of the information recording layer, 
and the reproduction-specific reference light and the re- 
production light are arranged coaxially. Furthermore, in 
the invention, the reproduction-specific reference light 
having a predetermined first direction of polarization is 
optically rotated in directions different between respec- 
tive half areas of a cross section of the beam of the light, 
and thereby converted into reproduction-specific refer- 
ence light having directions of polarization different be- 
tween the respective areas to irradiate the information 
recording layer therewith, and reproduction light and re- 
turn light are each optically rotated in directions different 
between the respective areas and thereby converted in- 
to reproduction light having the first direction of polari- 
zation over the entire cross section of the beam thereof 
and return light having a second direction of polarization 
which is different from the first direction of polarization 
over the entire cross section of the beam thereof. Fur- 
thermore, in the invention, the information light can carry 
information using the entire cross section of the beam 
thereof, and likewise, the reproduction light can also car- 
ry information using the entire cross section of the beam 
thereof. The invention therefore makes it possible to re- 
produce information through the use of holography and 
to achieve compact configuration of the optical system 
for reproduction without causing a reduction in the 
amount of information. 

[0101] According to the optical information recording/ 
reproducing apparatus or the optical information record- 
ing/reproducing method of the invention, it is possible 
to record and reproduce information through the use of 
holography and to achieve compact configuration of the 
optical system for recording and reproduction without 
causing a reduction in the amount of information, 
through the same operation as that of the optical infor- 
mation recording apparatus or the optical information re- 
cording method described above and the same opera- 
tion as that of the optical information reproducing appa- 
ratus or the optical information reproducing method de- 
scribed above. 

[0102] It is apparent from the foregoing description 
that the invention may be carried out in various modes 
and may be modified in various ways. It is therefore to 
be understood that within the scope of equivalence of 
the appended claims the invention may be practiced in 
modes other than the foregoing best modes. 
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Claims 

1. An optical information recording apparatus for re- 
cording information in an optical information record- 
ing medium having an information recording layer 
in which information is recorded through the use of 
holography and one side of which is irradiated with 
light for recording or reproducing information, and 
a reflecting surface disposed on the other side of 
the information recording layer, the apparatus com- 
prising: 

information light generation means for generat- 
ing information light that carries information; 
recording-specific reference light generation 
means for generating recording-specific refer- 
ence light; and 

a recording optical system for irradiating the in- 
formation recording layer with the information 
light generated by the information light gener- 
ation means and the recording-specific refer- 
ence light generated by the recording-specific 
reference light generation means such that the 
information is recorded in the information re- 
cording layer in the form of an interference pat- 
tern resulting from interference between the in- 
formation light and the recording-specific refer- 
ence light, wherein 

the recording optical system projects the infor- 
mation light and the recording-specific refer- 
ence light coaxially onto the one side of the in- 
formation recording layer such that they con- 
verge on the reflecting surface, and 
the recording optical system causes each of the 
information light and the recording-specific ref- 
erence light to have directions of polarization 
that are different between respective half areas 
of a cross section of a beam thereof such that 
the direction of polarization of the information 
light yet to impinge on the reflecting surface co- 
incides with that of the recording-specific refer- 
ence light reflected by the reflecting surface, 
and the direction of polarization of the record- 
ing-specific reference light yet to impinge on 
the reflecting surface coincides with that of the 
information light reflected by the reflecting sur- 
face. 

2. An optical information recording apparatus accord- 
ing to claim 1 , wherein the recording optical system 
has optical rotation means for optically rotating light 
passing therethrough in directions different be- 
tween the respective areas, and optically rotates, 
with the optical rotation means, each of the record- 
ing-specific reference light having a predetermined 
first direction of polarization and the information 
light having a second direction of polarization differ- 
ent from the first direction of polarization to make 
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the directions of polarization different between the 
respective areas. 

An optical information recording apparatus accord- 
ing to claim 1 , wherein the recording-specific refer- 
ence light generation means generates recording- 
specific reference light having a spatially modulated 
phase. 

An optical information recording apparatus accord- 
ing to claim 3, wherein the recording-specific refer- 
ence light has such a modulation pattern that a pat- 
tern which is point-symmetric to the modulation pat- 
tern about the position of an optical axis of the op- 
tical system for irradiating the information recording 
layer with the recording-specific reference light is 
not the same as the modulation pattern. 

An optical information recording method for record- 
ing information in an optical information recording 
medium having an information recording layer in 
which information is recorded through the use of ho- 
lography and one side of which is irradiated with 
light for recording or reproducing information, and 
a reflecting surface disposed on the other side of 
the information recording layer, the method com- 
prising: 

the step of generating information light that car- 
ries information; 

the step of generating recording-specific refer- 
ence light; and 

the recording step in which the information re- 
cording layer is irradiated with the information 
light and the recording-specific reference light 
such that the information is recorded in the in- 
formation recording layer in the form of an in- 
terference pattern resulting from interference 
between the information light and the record- 
ing-specific reference light, wherein 
in the recording step, the information light and 
the recording-specific reference light are pro- 
jected coaxially onto the one side of the infor- 
mation recording layer such that they converge 
on the reflecting surface, and 
in the recording step, each of the information 
light and the recording-specific reference light 
is made to have directions of polarization that 
are different between respective half areas of 
a cross section of a beam thereof such that the 
direction of polarization of the information light 
yet to impinge on the reflecting surface coin- 
cides with that of the recording-specific refer- 
ence light reflected by the reflecting surface, 
and the direction of polarization of the record- 
ing-specific reference light yet to impinge on 
the reflecting surface coincides with that of the 
information light reflected by the reflecting sur- 



face. 

6. An optical information recording method according 
to claim 5, wherein, in the recording optical step, 

5 each of the recording-specific reference light having 
a predetermined first direction of polarization and 
the information light having a second direction of 
polarization different from the first direction of po- 
larization is optically rotated in directions different 

10 between the respective areas to make the direc- 
tions of polarization different between the respec- 
tive areas. 

7- An optical information recording method according 
15 to claim 5, wherein the step of generating recording- 
specific reference light generates recording-specif- 
ic reference light having a spatially modulated 
phase. 

20 8. An optical information recording method according 
to claim 7, wherein the recording-specific reference 
light has such a modulation pattern that a pattern 
which is point-symmetric to the modulation pattern 
about the position of an optical axis of the optical 

25 system for irradiating the information recording lay- 
er with the recording-specific reference light is not 
the same as the modulation pattern. 

9. An optical information reproducing apparatus for re- 

30 producing information through the use of hologra- 
phy from an optical information recording medium 
having an information recording layer in which in- 
formation is recorded through the use of holography 
and one side which is irradiated with light for record- 

35 ing or reproducing information, and a reflecting sur- 
face disposed on the other side of the information 
recording layer, the information being recorded in 
the information recording layer based on informa- 
tion light and recording-specific reference light that 

40 are projected coaxially onto the one side of the in- 
formation recording layer such that they converge 
on the reflecting surface, in the form of an interfer- 
ence pattern resulting from interference between 
the information light yet to impinge on the reflecting 

45 surface and the recording-specific reference light 
reflected by the reflecting surface and an interfer- 
ence pattern resulting from interference between 
the recording-specific reference light yet to impinge 
on the reflecting surface and the information light 

50 reflected by the reflecting surface, the apparatus 
comprising: 

reproduction-specific reference light genera- 
tion means for generating reproduction-specific 
55 reference light; 

a reproducing optical system for irradiating the 
information recording layer with the reproduc- 
tion-specific reference light generated by the 
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reproduction-specific reference light genera- 
tion means and for collecting reproduction light 
generated at the information recording layer 
when irradiated with the reproduction-specific 
reference light; and 5 
detection means for detecting the reproduction 
light collected by the reproducing optical sys- 
tem, wherein 

the reproducing optical system projects the re- 
production-specific reference light onto the in- 10 
formation recording layer to allow it to converge 
on the reflecting surface, such that the irradia- 
tion with the reproduction-specific reference 
light and the collection of the reproduction light 
are performed on the one side, and that the re- 15 
production-specific reference light and the re- 
production light are arranged coaxially, and 
the reproducing optical system has optical ro- 
tation means for optically rotating light passing 
therethrough in directions different between re- 20 
spective half areas of a cross section of a beam 
of the light, and optically rotates, with the optical 
rotation means, the reproduction-specific refer- 
ence light having a predetermined first direction 
of polarization to convert the same into repro- 25 
duction-specific reference light having direc- 
tions of polarization different between the re- 
spective areas to irradiate the information re- 
cording layer therewith, and optically rotates, 
with the optical rotation means, the reproduc- 30 
tion light and return light resulting from the re- 
production-specific reference light reflected by 
the reflecting surface to convert them into re- 
production light having the first direction of po- 
larization over an entire cross section of a beam 35 
thereof and return light having a second direc- 
tion of polarization different from the first direc- 
tion of polarization over an entire cross section 
of a beam thereof. 

40 

10. An optical information reproducing apparatus ac- 
cording to claim 9, wherein the reproducing optical 
system further has polarization separation means 
for separating the reproduction light having passed 
through the optical rotation means and the return 45 
light having passed through the optical rotation 
means from each other depending on a difference 

in direction of polarization. 

11. An optical information reproducing apparatus ac- 50 
cording to claim 9, wherein the reproduction-specif- 
ic reference light generation means generates re- 
production-specific reference light having a spatial- 
ly modulated phase. 

55 

12. An optical information reproducing apparatus ac- 
cording to claim 11, wherein the reproduction-spe- 
cific reference light has such a modulation pattern 



that a pattern which is point-symmetric to the mod- 
ulation pattern about the position of an optical axis 
of the optical system for irradiating the information 
recording layer with the reproduction-specific refer- 
ence light is not the same as the modulation pattern. 

13. An optical information reproducing method for re- 
producing information through the use of hologra- 
phy from an optical information recording medium 
having an information recording layer in which in- 
formation is recorded through the use of holography 
and one side of which is irradiated with light for re- 
cording or reproducing information, and a reflecting 
surface disposed on the other side of the informa- 
tion recording layer, the information being recorded 
in the information recording layer based on informa- 
tion light and recording-specific reference light that 
are projected coaxially onto the one side of the in- 
formation recording layer such that they converge 
on the reflecting surface, in the form of an interfer- 
ence pattern resulting from interference between 
the information light yet to impinge on the reflecting 
surface and the recording-specific reference light 
reflected by the reflecting surface and an interfer- 
ence pattern resulting from interference between 
the recording-specific reference light yet to impinge 
on the reflecting surface and the information light 
reflected by the reflecting surface, the method com- 
prising: 

the step of generating reproduction-specific 
reference light; 

the reproducing step in which the information 
recording layer is irradiated with the reproduc- 
tion-specific reference light generated by the 
reproduction-specific reference light genera- 
tion means, and reproduction light generated at 
the information recording layer when irradiated 
with the reproduction-specific reference light is 
collected; and 

the step of detecting the reproduction light, 
wherein 

in the reproducing step, the reproduction-spe- 
cific reference light is projected onto the infor- 
mation recording layer so as to converge on the 
reflecting surface such that the irradiation with 
the reproduction-specific reference light and 
the collection of the reproduction light are per- 
formed on the one side, and that the reproduc- 
tion-specific reference light and the reproduc- 
tion light are arranged coaxially, and 
in the reproducing step, the reproduction-spe- 
cific reference light having a predetermined first 
direction of polarization is optically rotated in di- 
rections different between respective half areas 
of a cross section of a beam thereof, and there- 
by converted into reproduction-specific refer- 
ence light having directions of polarization dif- 
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ferent between the respective areas to irradiate 
the information recording layer therewith, and 
the reproduction light and return light resulting 
from the reproduction-specific reference light 
reflected by the reflecting surface are each op- 5 
tically rotated in directions different between 
the respective areas and thereby converted in- 
to reproduction light having the first direction of 
polarization over an entire cross section of a 
beam thereof and return light having a second 10 
direction of polarization different from the first 
direction of polarization over an entire cross 
section of a beam thereof. 

14. An optical information reproducing method accord- *5 
ing to claim 13, wherein the reproducing step sep- 
arates the reproduction light that has been optically 
rotated and the return light that has been optically 
rotated from each other depending on a difference 

in direction of polarization. 20 

15. An optical information reproducing method accord- 
ing to claim 13, wherein the step of generating re- 
production-specific reference light generates repro- 
duction-specific reference light having a spatially 25 
modulated phase. 

« 

16. An optical information reproducing method accord- 
ing to claim 15, wherein the reproduction-specific 
reference light has such a modulation pattern that 30 
a pattern which is point-symmetric to the modula- 
tion pattern about the position of an optical axis of 
the optical system for irradiating the information re- 
cording layer with the reproduction-specific refer- 
ence light is not the same as the modulation pattern. 35 

17. An optical information recording/reproducing appa- 
ratus for recording information in an optical informa- 
tion recording medium having an information re- 
cording layer in which information is recorded *o 
through the use of holography and one side of which 

is irradiated with light for recording or reproducing 
information, and a reflecting surface disposed on 
the other side of the information recording layer, and 
for reproducing information from the optical infor- 45 
mation recording medium, the apparatus compris- 
ing: 

information light generation means for generat- 
ing information light that carries information; 50 
recording-specific reference light generation 
means for generating recording-specific refer- 
ence light; 

reproduction-specific reference light genera- 
tion means for generating reproduction-specific 55 
reference light; 

a recording/reproducing optical system for, to 
record information, irradiating the information 



recording layer with the information light gen- 
erated by the information light generation 
means and the recording-specific reference 
light generated by the recording-specific refer- 
ence light generation means such that informa- 
tion is recorded in the information recording lay- 
er in the form of an interference pattern result- 
ing from interference between the information 
light and the recording-specific reference light, 
and, to reproduce information, irradiating the 
information recording layer with the reproduc- 
tion-specific reference light generated by the 
reproduction-specific reference light genera- 
tion means and collecting reproduction light 
generated at the information recording layer 
when irradiated with the reproduction-specific 
reference light; and 

detection means for detecting the reproduction 
light collected by the recording/reproducing op- 
tical system, wherein 

the recording/reproducing optical system has 
optical rotation means for optically rotating light 
passing therethrough in directions different be- 
tween respective half areas of a cross section 
of a beam of the light, 

to record information, the recording/reproduc- 
ing optical system projects the information light 
and the recording-specific reference light coax- 
ially onto the one side of the information record- 
ing layer such that they converge on the reflect- 
ing surface, 

to record information, the recording/reproduc- 
ing optical system optically rotates, with the op- 
tical rotation means, each of the recording-spe- 
cific reference light having a predetermined first 
direction of polarization and the information 
light having a second direction of polarization 
different from the first direction of polarization 
to cause each of the information light and the 
recording-specific reference light to have direc- 
tions of polarization different between the re- 
spective areas, such that the direction of polar- 
ization of the information light yet to impinge on 
. the reflecting surface coincides with that of the 
recording-specific reference light reflected by 
the reflecting surface, and the direction of po- 
larization of the recording-specific reference 
light yet to impinge on the reflecting surface co- 
incides with that of the information light reflect- 
ed by the reflecting surface, 
to reproduce information, the recording/repro- 
ducing optical system projects the reproduc- 
tion-specific reference light onto the informa- 
tion recording layer to allow it to converge on 
the reflecting surface, such that the irradiation 
with the reproduction-specific reference light 
and the collection of the reproduction light are 
performed on the one side, and that the repro- 
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duction-specific reference light and the repro- 
duction light are arranged coaxially, and 
to reproduce information, the recording/repro- 
ducing optical system optically rotates, with the 
optical rotation means, the reproduction-spe- 5 
cific reference light having the first direction of 
polarization to convert the same into reproduc- 
tion-specific reference light having directions of 
polarization different between the respective 
areas to irradiate the information recording lay- 10 
er therewith, and optically rotates, with the op- 
tical rotation means, the reproduction light and 
return light resulting from the reproduction-spe- 
cific reference light reflected by the reflecting 
surface to convert them into reproduction light is 
having the first direction of polarization over an 
entire cross section of a beam thereof and re- 
turn light having a second direction of polariza- 
tion different from the first direction of polariza- 
tion over an entire cross section of a beam 20 
thereof. 

18. An optical information recording/reproducing appa- 
ratus according to claim 17, wherein the recording/ 
reproducing optical system further has polarization 25 
separation means for separating the reproduction 
light having passed through the optical rotation 
means and the return light having passed through 

the optical rotation means from each other depend- 
ing on a difference in direction of polarization. 30 

19. An optical information recording/reproducing appa- 
ratus according to claim 17, wherein the recording- 
specific reference light generation means gener- 
ates recording-specific reference light having a spa- 35 
tially modulated phase, and the reproduction-spe- 
cific reference light generation means generates re- 
production-specific reference light having a spatial- 
ly modulated phase. 

40 

20. An optical information recording/reproducing appa- 
ratus according to claim 19, wherein the recording- 
specific reference light and the reproduction-specif- 
ic reference light each have such a modulation pat- 
tern that a pattern which is point-symmetric to the 45 
modulation pattern about the position of an optical 
axis of the optical system for irradiating the informa- 
tion recording layer with the recording-specific ref- 
erence light and the reproduction-specific reference 
light is not the same as the modulation pattern. 50 

21. An optical information recording/reproducing meth- 
od for recording information in an optical informa- 
tion recording medium having an information re- 
cording layer in which information is recorded 55 
through the use of holography and one side of which 

is irradiated with light for recording or reproducing 
information, and a reflecting surface disposed on 



the other side of the information recording layer, and 
for reproducing information from the optical infor- 
mation recording medium, the method comprising: 

the step of generating information light that car- 
ries information; 

the step of generating recording-specific refer- 
ence light; 

the recording step in which the information re- 
cording layer is irradiated with the information 
light and the recording-specific reference light 
such that the information is recorded in the in- 
formation recording layer in the form of an in- 
terference pattern resulting from interference 
between the information light and the record- 
ing-specific reference light; 
the step of generating reproduction-specific 
reference light; 

the reproducing step in which the information 
recording layer is irradiated with the reproduc- 
tion-specific reference light, and reproduction 
light generated at the information recording lay- 
er when irradiated with the reproduction-specif- 
ic reference light is collected; and 
the step of detecting the reproduction light, 
wherein 

in the recording step, the information light and 
the recording-specific reference light are pro- 
jected coaxially onto the one side of the infor- 
mation recording layer such that they converge 
on the reflecting surface, 
in the recording step, each of the recording- 
specific reference light having a predetermined 
first direction of polarization and the information 
light having a second direction of polarization 
different from the first direction of polarization 
is optically rotated in directions different be- 
tween respective half areas of a cross section 
of a beam thereof to cause each of the informa- 
tion light and the recording-specific reference 
light to have directions of polarization different 
between the respective areas, such that the di- 
rection of polarization of the information light 
yet to impinge on the reflecting surface coin- 
cides with that of the recording-specific refer- 
ence light reflected by the reflecting surface, 
and the direction of polarization of the record- 
ing-specific reference light yet to impinge on 
the reflecting surface coincides with that of the 
information light reflected by the reflecting sur- 
face, 

in the reproducing step, the reproduction-spe- 
cific reference light is projected onto the infor- 
mation recording layer so as to converge on the 
reflecting surface, such that the irradiation with 
the reproduction-specific reference light and 
the collection of the reproduction light are per- 
formed on the one side, and that the reproduc- 
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tion-specific reference light and the reproduc- 
tion light are arranged coaxially, and 
in the reproducing step, the reproduction-spe- 
cific reference light having a predetermined first 
direction of polarization is optically rotated in di- 5 
rections different between respective half areas 
of a cross section of a beam thereof, and there- 
by converted into reproduction-specific refer- 
ence light having directions of polarization dif- 
ferent between the respective areas to irradiate 10 
the information recording layer therewith, and 
the reproduction light and return light resulting 
from the reproduction-specific reference light 
reflected by the reflecting surface are each op- 
tically rotated in directions different between 15 
the respective areas and thereby converted in- 
to reproduction light having the first direction of 
polarization over an entire cross section of a 
beam thereof and return light having a second 
direction of polarization different from the first 20 
direction of polarization over an entire cross 
section of a beam thereof. 

22. An optical information recording/reproducing meth- 
od according to claim 21 , wherein the reproducing 25 
step separates the reproduction light that has been 
optically rotated and the return light that has been 
optically rotated from each other depending on a dif- 
ference in direction of polarization. 

30 

23. An optical information recording/reproducing meth- 
od according to claim 21 , wherein the step of gen- 
erating recording-specific reference light generates 
recording-specific reference light having a spatially 
modulated phase, and the step of generating repro- 35 
duction-specific reference light generates repro- 
duction-specific reference light having a spatially 
modulated phase. 

24. An optical information recording/reproducing meth- *o 
od according to claim 23, wherein the recording- 
specific reference light and the reproduction-specif- 
ic reference light each have such a modulation pat- 
tern that a pattern which is point-symmetric to the 
modulation pattern about the position of an optical 45 
axis of the optical system for irradiating the informa- 
tion recording layer with the recording-specific ref- 
erence light and the reproduction-specific reference 
light is not the same as the modulation pattern. 
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